Effects of alloying elements on the pitting corrosion resistance of 17Cr-16Ni steels with and without 4% Mo were evaluated by the corrosion rate in 10% FeCl3.6H2O and 4% NaCl added with hydrogen peroxide and by the polarization measurement in 0.1N NaCl+0.1-0.25N Na2SO4 at 40C.
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The nominal composition of the base steel, to which various kinds of elements were added is as follows: 0.03%C, 0.02%N, 0.5%Si, 1.5%Mn, 0.005%P, 0.01%S, 17%Cr, 16%Ni, and 0% or 4%Mo.
The amount of the elements other than chromium, nickel and molybdenum were determined as above so that these steels could be manufactured by the same process as in the case of ordinary austenitic stainless steels, such as Types 304 and 316. The amount of these elements was varied in a certain range as shown in the upper half of Table 1 , in the lower half of which the elements added to the base steel are shown. The air-melted ingots were hot worked to bars of 13mm in diameter by swaging, heat treated at 1050C for one hour and water quenched. The specimens polished with 500 grit paper were submitted to immersion tests in 10% FeCl3. 6H2O and 4% NaCl added with 0.15% H2O2 at 40C.
The duration of the tests was 24 hours. num, carbon, nitrogen and sulfur behaved in the same way as in the Mo-free steel. Copper in combination with molybdenum reduced pitting corrosion resistance estimated by the above tests, but it did not seem to impair the resistance in the 4% NaCl immersion test. Tungsten added together with molybdenum was beneficial in all the test conditions. However, the corrosion rate in the ferric chloride solution increased when specimens contained ferrite, sigma or carbide in the microstructure.
The absence of these phases should lower the corrosion rate as indicated by the data with the 17Cr-20Ni-4Mo steel in Fig. 4 , except for aluminum, which was detrimental whether ferrite or sigma phase is present or not. The presence of a second phase itself did not have, however, an appreciable influence on the pitting potential.
The effects of alloying elements on the pitting corrosion resistance of the stainless steels evaluated in different conditions are summarized in Table 2 , together with the results by other authors. [3] [4] [5] [6] [7] [8] The qualitative data in 4% NaCl added with hydrogen peroxide are given in this table. 4. Discussion 4.1. Relation between the Corrosion Rate in the Ferric Chloride Test and the Pitting Potential The relation between the corrosion rate in the ferric chloride test and the electrode potential at a relatively high current density, i.e. 10mA/cm2, in the anodic polarization curves in sodium chloride solution is shown in Figs. 5 and 6. There exists a general tendency that the steel with lower corrosion rate shows a more noble potential at the above current density, though there are some exeptions.
The steel with 2.4% Ti in Fig. 5 shows a much greater corrosion rate in the ferric chloride test than expected from the anodic polarization. This is attributed to its greater depolarizing effect on the cathodic reaction in the ferric-ferrous system6) (Bc=0.08) than the other elements (Bc=0.11-0.14). The plots for the steels with a second phase in Fig. 6 deviate also to the upper direction except for aluminum-alloyed steels. The presence of some secondary phases did not change, however, the cathodic polarization in the ferric-ferrous system significantly. It is probable that the chromium and molybdenum depletion, which might be produced in the vicinity of the second phase, accelerates the pitting corrosion, especially in the ferric chloride solution. If the depleted zone is very small it will not influence the polarization behavior appreciably.
A negative deviation from the general relation is recognized in Fig. 5 for the steel whose manganese content is lower than the base steel. According to microscopic examinations, some of the inclusion particles in the base steel were attacked in the ferric chloride solution. When the same steel was immersed, however, in an acidified ferric chloride solution, almost all the inclusion particles were easily attacked. Table 3 shows the corrosion resistance of inclusions in 10% ferric chloride with 3. 5% hydrochloric acid as a function of the manganese content. The manganese-chromium sulfide with relatively high chromium content, chromite and silica seem to be immune even in the acidified ferric chloride. In the steel with Table 2 . Effects of alloying on pitting corrosion resistance of austenitic stainless steels.* 0.04% Mn no inclusion is attacked in this medium. But when the manganese content is increased to 0.47%, manganese silicate is formed. This is attacked by the same solution. If the manganese content is further increased, the chromium content in the manganese-chromium sulfide is reduced, and it will become attacked by the acid solution. It can be supposed from these results that if the steel contains little manganese, the number of secondary pits, which are produced by the acidified solution flowed out of the originally formed pits, is less than that of the steel with 1.5%Mn. If the size of the inclusion is smaller than that of the micro pit which can be easily passivated before it grows to a stable pit, the inclusion itself seems to have not an appreciable effect on the polarization curve. The small inclusion site might be passivated after the inclusion has been dissolved. Figure 7 is a schematic representation of the relation between the corrosion rate in the ferric chloride test and the polarization in the sodium chloride solution.
Relation between the Pitting Potential and
the Critical Current Density for Passivation in the Acid It has been often observed during anodic polarization measurement of stainless steels in sodium chloride solution that small pits are produced and again passivated in the potential range where stably growing pits are not formed.9-12) Similar phenomena were observed in the present experiment. It is assumed from these phenomena that the steel easily passivated, i.e. the steel with lower critical current density for passivation, should have a more noble pitting potential. In Figure  8 the relation between the pitting potential and the critical current density for passivation in the acid is shown. This figure does not contradict the above assumption. Favorable alloying elements to pitting corrosion resistance may help towards passivating the micro pit before it can Fig. 5 . Relation between the corrosion rate of 17Cr-16Ni steels with various alloying elements in 10% FeCl3.6H2O and the electrode potential at 10 mA/cm2 obtained from anodic polarization curves in 0.1N NaCl+0.25N Na2SO4 at 40C. Fig. 6 . Relation between the corrosion rate of 17Cr-16Ni-4Mo steels with various alloying elements in 10% FeCl3.6H2O and the electrode potential at 10mA/cm2 obtained from anodic polarization curves in 0.1N NaCl+0.1N Na2SO4 at 40C. Table 3 . Corrosion resistance of inclusions in 17Cr-16Ni-0.5Si-0.03S steels with various amounts of manganese. Tested in 10% FeCla.6H2O+3.5%
HCl.* become larger than a certain critical size, and accordingly shift the pitting potential to the more noble direction. Only the plot for the steel with 0.16% N fairly deviates from the general relation. According to our previous study,13) nitrogen increases the pitting corrosion resistance of austenitic stainless steels not only by stabilizing austentte as insisted by M. A. Streicher,5) but also by consuming proton in the depassivated site (or pit) to produce ammonium ion, and thus preventing the lowering of pH in it and passivating it before it can grow as an ordinary pit. The effect of nitrogen would be therefore greater if the elements with high passivating ability, such as chromium, molybdenum and nickel, are present in the steel. also beneficial if it did not form carbides. Manganese was harmful and its influence was greater if the sulfur content was higher, but increasing the manganese content more than that of conventional stainless steels did not enhance its harmful effect. Copper was favorable to the Mo-free steel, but not effective to the Mo-bearing one. The very favorable effect of nitrogen was again recognized in the stable austenitic stainless steel. The effects of the other alloying elements on the stable austenitic stainless steels are summarized in Table 2 .
The more noble the electrode potential at a relatively high c.d., i.e. 10mA/cm2, in anodic polarization curves in sodium chloride solution, the lower is the corrosion rate in the ferric chloride solution if a second phase is absent. The presence of a second phase, such as carbide and sigma, in the austentte accelerates especially the corrosion rate in the ferric chloride test, but it has not an appreciable influence on the anodic polarization in sodium chloride solution. It was indicated that the alloying to increase the passivating ability of the stainless steel would shift the pitting potential to the more noble direction.
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